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Abstract of KR 20000060991 (A) 

PURPOSE: A method for a plasma etching is provided to prevent a charge-up damage by minimizing 
an electron temperature in a dry etching process. CONSTITUTION: A method for a plasma etching 
comprises the steps of: preparing plasma by applying a radio frequency(RF) source power to a first 
electrode in an etch chamber; and applying an RF bias power to a second electrode in an etch 
chamber including a supporting bar of a substrate. The RF source power and RF bias power are 
periodically turned on and off to have a phase difference between the RF source power and RF bias 
power, so that a charge separation generated between an upper region of a material layer pattern and 
a lower region of a neighboring material layer pattern is minimized. 
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^ 71 a] f-f-973 -3Si *1 *Hi«r4S8 1 6^306^ 

3 71 JE^ ^]^=?$^W£v}-k^ 44^205^607 ± 
3 71 3E<$ ^ $ #^^fl -§-£|) ^ 434£ 1 39^2 1 0 lJl 



(74) tfle| , ?l 

IMF ft : 



(54) #51-2:4^^] 



it4 



£ #4^4 44 ftt> #4^4 44 ^4, ^4 ^ iiHH €4^471- 4/335^- ^ 

43 ^| 1 44^1 RF ±^ 44"& ^Wlr 4 1 RF 4^ ^71, 44 Tfl 1 rf sHM ^4^ 4^ rf i 
4~f °1« ±^S] ^7}^ ^Itt 42: 4^ ^44*r *fl 1 #T 1H71, A J-7l 7143 44^1- if"*} 

*1 ^ ^13 4 2 444 RF 4"f <H« *#*Hr 2 RF ^71, H5]al 4>7l ^ 2 ##7H 

4 A 34 RF $-°o\m. ± t$*\ ^ 7]s _ ^ /i5 a1t|J= ^2 ^A^lsl, Aj-7] rf v}6\6\± ^o] 7 \ 

#7] RF &SL± 4-f tfl^| £3 3 ^jMt 4^4 4^r 42: 4*1 4^14^ *H 2 4=r 4^4# ^444. 4 
44°11 4=4, RF i^-^: 4-f4 (RF source power) ^444 RF 4 0 H^ 4-f <H (RF bias power) 5E. S4 ^7l^ 
SLSL &/SL5. (periodically on/off) 44-H, RF 4 J i Lc> H tfl^fi RF 4°H^ 4-f 43 4 4 (phase) ^ *14(d 

elayH44. 43/*l. 443 3:fc3M^ ^ 5SU. 444 44 <S £4-§: 444tt ESE (electron shading e 

ffect)!- J^Sj- ^ ^ SL2.«|, ^43 44 (device fail)# 44 % v 'r $24. 
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| rf jhmh n&\ [ — - | nM |rf g^oi a. 





90 180 270 
3 difference [degree] 



u$4M 

£ la Si £ lbfe ^JE4 ESE3 #7fl# Ji<H^r 

s 4^r £ -a^H-i 4^ -a *>*i $ 2.^3 

5. 5^r £ 4£\ A -A Bf«3l^r W ^3 

£ 6£ RF £££ 3pM ^ RF shf ¥ 4 "S^U nfl g 2.v|33 ^ 1 gj 2 £ 

je 7^ f^aH 4s. <s^<y RF ±SL±l ^Ht^I 51 RF «}°H^ 4-r- °1 *HH3 *l 1 s^ 1 - ^€4- ^ 

£ 8^ RF ii^i sj-f cflfl-RF H}fHA 3^<H3 44 v *1<?I3 $-4^*1 xfl 1 sfl 
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£ 9fe RF iii 4-f RF 4 0 M^ 44-<X3 4 ^j?-ofl 5i^Ai, XI l £€4 ^44 XI 

2 ^43 ^5 ^443 4(AVdc)# iL^^Tr Ztefl^; 

£ 104 RF iii =hf <>H ^1 RF 4°H^ 4^4 270£S] ^]^f 4£4 4££l$# 4, XI 1 £44 
21144 XI 2 443 44i 45 443 W *144(Vdc) 4 o]s ^4 5i€^3 4(AVdc)-f Ji<^ 

£ n4 RF iii 4^4 RF 4*1°^ 44-^3 ^a-^fl 43H 45 4 i £44 2 fl44 *fl 2 £44 *fl€3 s| 

$43 4(AVdc)f- J£4ttt ZL2fl^fl4. 

* £43 ^ WHI ifltb 4^3 ^ 

2 : : sfl4 

6 : 3^4 ^4 8 : 4°1£ 

10 : 44 100 : #4^4 34 *W 

102 : X14^ ^ 104 : S4, XI 1 44 

106 : 714 44*31, XI 2 44 108 : 

110 : 4^1tj- #^1 0 1B. 120 : RF iii Bhf°1 ^4 

122, 132 : RF 4"f <H ^T A |7l 124, 134 : 4*1 

126, 136 : RF 44-°l 1§£ 128, 138 : ^ MflHflH 

130 : RF 4°H^ 4-^ W4 140 : t A J?l 

150 : 4£ f-^r ^4 200 : £43*8 $IM4 

201 : 4&l^ 4*M4 202 : XI 1 4^4 

206a : Xl 1 £44 ^ 4 206b : XI 2 £44 ^4 

208 : XI 2 444 210a : ^ ^* 

210b : 4^3 4^ 211a, 211b : iflH 

4^ 4 4X1?! 4;J 

IHM 'vc4: 7'i# « :i -g-43 1=4144 
4 H ^£X1 4*H1 # 3 4X1 3 €4^4 34 4*H1 
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14^4* ^*MH?lfe 4^ 4 7R> 4-§-3fe- 4^4 4 44 7>441 445] 444 34 4^4 44°11 

^7l^^5. 4.3|-*Rr 5L4 44(H43^ RF)* ?l7l-§M ^14 4 444* i^Al^ *424* a^4^ RIE 
(reactive ion etching) 4^414. 6 H, ^4 14245] 4^ i* *4 #45] 4£ ^ 14243 44 7} 

^ og A ^^ 0 ]^o| ^vixife s.^ 445] 44°H 5]*i] ^44. 

oje^ ^X)^ 03. ^ 6V^6] ^71 afl^ofl nl A) sflej ^AJofl ^-iqsfaL 14^4°] ^4 *}£B\ °\] 

^4* 4^3-°-^ 244 4 &4. 

444, 42E31 4*15] i^JH 44, «7fl 44 4^H4 14245] * A 34 ^S] HM^ll- 4^3^ 2^4 
4 Sfe 4^ 4, A 4 1424 ±±± (low pressure high density plasma source)* 4444 4*3 °1 44 

sU $14. °144 4134 44 °J7l-§M 1424* 4^1714 ^1^1 71 HH«Hi 44 ^1- °J 

7}4°1 71^1 <yA>^ ol 6llu|*l!- S44£4 ^ ^^4. 

47l *]4 Jl^S 1424 :£-°_24 4" mT ol4^14£ 1011cm -3 <>145l 1424 4£ (plasma density)* 44 
45=4 1- 4 %l7] ttfl^^l #4 ^4*(high etch rate) ^ ^4 (high anisotropy) 5] 44 0 ! 7}444. 

I&4, tfl-f-*^ ^4 €^41- 4441471 iii 44^ (source power) 4 1424 ^5] 4£ ^ 44* 7l 
^o.s #4444 $4 444^ 444 (bias power)7} 4434 $14 nfl^-ofl 4441 s J4^r 444 ^ui^f- =■ 
244 4 44. 

44 jTHS. #4^4 il^fe 1424 4 A 3 4Hofl 44, ICP (Inductively Coupled Plasma), ECR (Electron Cy 
clotron Resonance), Helicon4 (wave) 1424, ZL^JL SWP(surface wave plasma) 44431, 44415E. 

4^4 1424 ^.^5] «oi 4 S S=U 544. 

H44, 44 1424 £5LiTr £4 €4 ££5. 4*11 44 ^ 44 (charge up damage)* -ifW^ 4*11 ^ 

* ?fe4. ^4(electron)4 0 l^r(ion)fl ^^(sheath)* *44^ ^ 4°l7 r ^7]7l rifl^i 

^S€4- 



# e| #4^4 vfl^lfe ^51 ^1^4 #47} ^*H*M o.s. ^ ^1- -8-^1 ^ 4^1 °J4 

# 6 1 1 ^|Tfl# ^1 €4. °M, ^71 ^4fe «1*fl 71-^71 ufl^^l 1 ^ ^£7} ifl-?- 4=711 ^ 
4. #4^4 ^HHtt ^« ^£ ^44 4^A^ ^-21^711 s]4, 7144 *4 

2451 ^7414^14^ 445] 41- 1 ^f£^ 4^11 i7H 1-424 ^HH 714 ^l^s. ^.47> 1-bI ^44^ 
€4. ^71a-i ; c| oi^- ^^71- 714 4^47H ^£4 47l ^tfl ^7>^ 4^431 ^471^ 44( 

electric field)* 4xr 3 (sheath) 7> ^^44. 



^4 44i 51*11 47f^ 714^ ^ t)14 444^ 7144 ^ 1o J 4£ ^44 #^*t11 s)ji, 4 

^14 451 ^4°1 ^-tfl^ 0.5. 71^711 44. °1451 ^44 4tflJL ^14^1 5]^ 714 44-^L 7>4slH5 714 
4 4^4 451 ^tim±s, 47>s]ci ^^o) 7^11^14. 

444, 7l4i ^ S S4 4451 4£ ^4°1 4 4^410)4 445] 44°fl Ef^^l =12., ^4^ c »l 44 °14(8)4 n 

^(14)51 44i £44^ £ lai £^14 44 4 6 1, ^4(4)5} 444 44^ ^4 42-1 (charge separation) 7} 4 
^344. °1* ESE (electron shading effect) 4 44. 

42 4i 24 44 *44* 44^i, 42 HI 64 4«j* (contact hole) vfl4 ^4 4°151 44(space)* 44 

vfl4. ne| jl, 42 Hi 84 4 6 14* 44^^, 42 Hi 104 44* 44\54. 

471 ^4(4)51 4^«1 (aspect ratio) 7> 471-444 47l ESE7 r ^4=1^ ^4(4)5] 44 ^ 44°H 44 ^4(10) 

4 444(8)71- c!4 47>4°i 4*1 44°1 ^4t11 4 A S=]3i, 44(10)51 4£7> 47^444 47}(io)7f 3fl4(4) 
51 44^1 £444 44°i 47l 44 «a 44 6 1 ^444. 
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°fl! #4, 44 44 #44(2)4 44 H 444 ^4, 44 Jfl€(4)^£3#<*l4 4*<H ESEi m TflflB 4 
4i 6 cMt}7} 444^1, olS.^ TllolH ^44# 4#4^r 3^7} 1H44. H 14, Tflom 4443 ^BJ4 ^4 ^ 
4, *^ 44 (threshold voltage) 0 ] 4*14^ % 44 $ £44 4*344. 

°H, 44(10)4 4£7> ^J5_4 44(10)4 1 44 4^7} £Lcffe £ o_$_A\ t sfl!i(4)4 ^o] <£o|,g-( 8 )ofl 

44 444 oje^) oq«fl 44(10)71" ^Tfl ^47p4 4^fLjjL 44(10)*T 3flBl (4) o] *}if-6\] 4 J=444 &j7, ^tfl 
S 44(10)4 4£7} 4^4 £ lb*fl44 ^o], 44(1 0 )4 1 4^§- ^£7} 4444 ^>(10)7> 44(4)4 «Hf-S 
^Tfl ^^7>7fl 44. ^, 44 ESE7> 4^44. 

444, 4> 7l s.^p> Aiz]- 4*<H 44 44 4 £4 «■« 4444 4*114, 4_7l-(io)4 4s! 4^44fe 

444^ 91^} 4^ ili 4-f4! ^44 (on/off) 44^" !4i4(pulse plasma)! Aj-g-^i 

£ ^efl4 !4^44 A}-g-<Hl tcfs. 443 £ £ j£«^i=. zL2fl5i44. 

J£ 2* 4^44, 4-f 4! 4! 44, 200/iS W £ Al7laL, 200^s 44 ^ 444, 444 4£^r 

444 i£ ^ 44°ll 4447} £ 4 *fl4 1/eS. 4^4. 

asl4-, 4iJ2.^ 44444 ^r44j5_S. a]?1^ 4.3.0^= 4*1 $ ^-i- 3:44^ 4444 4^4. 

^ 4^ ^ ^ef^p} i^i- 4444 44 44 <r s St 444 4£! 3^44-° 3.4, #4 

•a 44 10- ^ 5Ufe #4^4 44 44! 44411 n 444 44. 



Ajz]- §fo^ ^-^rt ifl^ (pattern)^: %^}7] #4^4 Aiz|( p i asma etch) Sft 0 !^. ^4 (etch cha 

mber) ^ 4 1 ^^<=»fl RF (source power) * ?l7>*|-^ 1-4^41- ^^^4. 7l^B] ^l^cfll- ^ 

^4 ^H] ifl^ *j| 2 ^^"i RF »H»li 4^-<H (bias power)!- < ?l7>tb4. °H. ^7] RF i^r^ 4-f RF 
B} 6 HA 4-f zVzl- ^71^ ^/jLH (on/off) *]?]JL, ^7] RF jj^. 6] ^ s£ 7 ] RF B} 0 !*]^ 4^7}- i 

^51 ^W(phase difference)* tt4. A o v 7l sflifi^ ^ ^^4, <y^^ #^4 s|]Tf} a>«s1^ 

^ ^^^Hl ^^E)^ ^} -&21 (charge separation)! 4^Sr ^ =r 5U4. 



414 §H iflEi (p att e r n) ^ ^^44 ^fl #4^4 44 ^4 °1] 514^. 1-4^4 44 ^4, 47) ^4 iflofl 
4 #4^47> #^£l£4 471 ^4 4^4 1 44i RF 4^4! 4 l RF 4-f 4 ^#7l, a 0 t- 7 ] ^ 

l RF 4-f4 ^H-7liAi 4^3^ rf 4^-4* t?H Al7l^r 4s 4^# 1:^^71^ ^1 l 

4^7], ^-71 71451 44tfl-t ^444 ^4 Ml 2] ^ 2 444 RF 444^ 4-f4# ^44^ 4 2 rf 444 ^4 
71, zi^ji a 0 >71 ^ 2 444 ^47H14 4 A S4 RF 44 4 £ 4-f4# ^7ls 4?1^ 4s 4^! 4 

^8445) , 4-71 rf 444^ 444 7> 44 RF iii 4447} i^5l ^44* 4^4 4fe 4a 4^* 4^44tt 
4 2 4^ 4^4# S444. 4^4, 44 1-44 ^4^1 44 ^^4, 4^4 #44 nm a>44 44 ^^4i 4 

^4tt 44 44 (charge separation)! %±$tf£ ^ 5U4. 



(4AH1) 
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61*1-, 51 3 44 Ell* %4^H £ 1^3 ^ a] #*H4 ^^4. 

^-Tg o. Tsj^. jt.^J£ 1-4^4 i_£.^4 ICP (inductively coupled plasma) # 444-c- 4^ #42:4 (pulse plas 
ma) 4*^4, RF (source power) 4 RF 444^ 4*^ (bias power) 2} 4^4 444(phase diff 

erence)# ilfAl^ ESE(electron shading effect)!" 4^444 ^ ^J7, 444 44 S ^(charge up da 
mage)* 444^ SI 4. 

JE 3* 4 444 4444 4^ 1^4 44 44 # iL^^Hr £344. 

£ 3* 4^44, £ 1:44 4 A HH 4& 4^ t^2"} 44 44^r, 44 44 (100), RF 4*4 

^44 (120), rf 444i 4*°i ^4 (130), ^ 444 (ho), 44 &r 444 (150), jzbIji 44 Mimfla 

(128, 138)** 

44 *4£i4 Ajzl- #4^44 aL^E *4^4 4*44 4E-4 44. £Efe 44 #i 444 4 °% 

# #4, 444, £44, ubIji 4E44 ir <Hh 444 #44* 44 44. 

#7l 4 < & aZ.4. E #4^:4 ICP, ECR, Helicon4 *4^4, ££r SWP 7}^ 4 44 H^E f- 

4^4 ±.±^7} 4*4 ^ _ 71 4 ICP ££^7}- 4*4 gtj-. 

#4 X|4 sfl^ (ioo)^r 41^4 (cylinder) ^314 ^144 ti? (ceramic wall) (102)4, 44 ^144 ^ (102)* 44^ 
144 SH(one -turn coil) (104)* JE^4. #4 34(104)* 1* *4, RF iii 4* ^7} 

^7}^ A 1 44(104)°1 €4. 

#71 *M (100) 44 7m 444 (106)7} #444 jfljL, #7l 7l* 444 (106) #4 44^ «H o) 3^ (108) 
7} ^44 44.44 71* 444 (106)tt#4 3^l(104)°l 444:^ 4-5-3.^ 3cm 444°1 SJU. RF 4 

4*47} 47}4fe 4 2 ^^"(106)61 44. 

#71 (100)21 #Jf# ^JL $J[*r 4^ D 1^ %n°]E. (aluminium plate) (110)7} 4fe 7}^ (gas inlet)* * 
n #4^4 44 7}^7\ *<ys]jl, 4 44 7}ife ^4 (100) 4°114 4*4 * 44 (100)4 444 ^"4 
(turbo molecular pump; TMP)^1 %n Qtf (100) Bll#^4. 

#4 RF ±3.^ *#7l (120) fe- #4 *U 1 ^^-(104)^ 13.56MHz2l RF 4-f "Hi" ^h"*} 0 ! 4 v 7l (100) 

^oflAi #4^471- 1H45L^ 

#4 RF 4-fol (120) fe- RF 4*6] ^7] (generator) (122), (mixer) (124), JH]l RF 4*^ 

«g= (amplifier) (126)! i^W. 

#4 RF 4*°1 #^4 (122)fe il- #4, ^-^sll^^ (oscillator) °] 4. A o V 7l 44 (124)£r #4 RF 4^-°l ^^84 ( 
122) WBl ^:^|^ RF 4^-44 A J-4 ^ ^ A S7l (140)^4 44 4^ (time modulation wa 

ve )^- «g^^-6> ^^-^5.4 , #4 RF iJLi 4 J r°l# 44 ^S(time modulation; TM) 444. ^44, #4 4 

4 (124)5.^4 ^44 f7ls ^/j2.5. 4^ RF 4-f 4 4, RF 4-f 47} #^44. 

°H, 471 rf ili 4-f 4^1 ^4^ 20^s ^14 800^s4 ^4* 44444^ 400/is 44, ^f4 wl#(d 
ut y ratio) * 5% M14 80%4 ^41" 42. 444 441 50% °14. ^44, 44 ^4 4-§r°14 4^, 4^<H7> ^ 
#44 44# 4^^121 ^4 ^, 4 J M7l- ^ #e(| 4 ^ 444 444 4^ 4^ 4* 7>444. 

#4 rf 4*^ 4H(i26)^r #4 44 (124)^44 4— RF 4-T-4* ^44 ^^-44 #^44. °H, 4 

4 RF 4^°1 4= (126)# f-4 #^El^r 4^ RF ±±^i 4-f 4tt 5lH 4 ^(feedback loop)* f-4 H 44(g 
ain)4 4^1- (control) 44. 44 4^ RF 4*4 44 4^ 44* 44 44 4^4 3. (matching netw 

ork) (128)# 44 44 4 l 44(104)4 47}44. n44, #4 ^4 (100) 44 *4^47> 4444. 
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44 RF 444^ 444 ^#71 (130) 44 A 2 44(106H 13.56MHz4 RF 444^ 4"f 4! ^-44££4, 
4^4^ o)£ ^ ^^7> i?4444£4 

44 RF 444^ 444 ^44 (130)^r 44 RF ih£^ 4"f4 ^7} (120)4 RF 44 4 1H4 (132), 

44 (134), RF 4-f 4 <S£(136), ZLB]al ^ RF 444^ 4^44 441 4^144 44 4H «j ^£1 £4 
44. 

0 H, 44 44 (I34)^r 4"7l RF 4-f 4 444 (132)£44 RF 4"f 41 44 44 4^ 

(150)£44 44 4£ 4^11 4^44 *44££4, ^-71 RF 44 4 ^ 4-f 41 44 4^444. 344, 44 4 
4 (134)5.^4 £*J4 ^7]S. £/££ E)fe RF 44 4 £ 444 ^, 1^ RF 4^44 #444. 

44 4^4 (140)4 44 4 A 34 (150)^ 44£4 4 71$ 4J-4 £44 4Jl (trigger signal)!" 47} 4 

44, 44 4£ rf 444£ 4^44 ^71^ 20£s 44 800^s4 441 #3, 44444t? 400j«s 44, ^e] 44 

(duty ratio) £ 5% ^4 80%4 44! #3, 44444tt 50% 44. 

^4 44 4^ ^-a|71 (i50)-b 4 1^4 7?4 «J444 jf^o^t 44 4^f ^4 (i40)£44 ^4 44 ^ 
4^*1 4*fl 444 9 4# 444 44 4£ 4^11 44444. 444, 44 4£ RF 444^ 4^4^ 44 1 
£ RF £££ 4-f 4*11 4ft«fl g> 4# 4444. *H, 44 444 p 0 M14 2*4 ^4! 43 44444, 
2 ^4 3*r/24 H41 4^4. 4 44444, 44 g> ^ k 44. 

4*44 a. 471 l£ RF 444£ 4-f 4ir 44 4£43(138)1 44 44 41 2 44(106)4 47>44. 344, 
44 *JI44(108)£ 4-8:4 §44444 44 3-34 ^44. 

44 4^ £ ^4 4* «4^4 44 441- 4-§-44 4-g-4 4^ 4^51 £34 ^33534. 

44, 44 44 44tfli £ 4°fl £44 44 44, 4 44r 44 ^2.4^1^ A144 (monitoring wafer) (200)7} § 

444. 

£ 5fe £ 4B] a -A 44# 44 144 ^r4 44^44. 



£ 51 4^44, 44 ^44^ 444 (200)^r ^4 4^ ^11 4^ 4^44. 44, 44^ 3144 (201) 44 
4 l 444(202)4 ^4 4ai. 44 ^ l 444(202) 44 *ll l 4 4 2 £44 44(206a, 206b)4 ^444. 4 
7M1 1 4 4 2 £44 4 4 (206a, 206b) ^11 14, 1-4 44^4 (204a, 204b) 4 4^4 4 4 44 £4 (205a, 
205b)4 4^1^ ^4 4 44^ (patterning) 4 4 ^ A j44. 44 *ll l 444(202)^ 44 4 14 4 2 £44 44 
(206a, 206b)4 444££ 44444 44 ^44 4££4, 1.6jum4 ^11 4£4 ^4 44. 



44, 44 4 14 4 2 £44 44(206a, 206b)l £444 ^ l 444(202) 44 ^ 2 444(208)4 ^4 4 
4. ^4* 44 4^3 ^1! 14, ££b)14^£ 44 (photoresist pattern) 1 4-g-44 44 4 2 444(208)4 

44 44, 4 1 £44 44(206a)4 44 ^44 4^4 £#4£4 444 & $a|*(a large contact hole) (210 
a) 4 ^443, 4 2 £44 4 4(206a)4 44 S44 447> £#4 £4 4^4 4^ (many small 

contact holes) (2 10b) 4 ^444. -^44, 44 4 1 4 4 2 £44 4 4 (206a, 206b) 44 44 4 1 4 4 2 £ 

44 4 4(206a, 206b)4 44 £4£^£4 444££ 444£4 44 44 4£ ^4*( P ad contact hole) (2 
lia, 21 lb) 4 4 ^444. 
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444, 44 ? ^4*(210a)£ 2.1cm X1.65cm4 3.41 4H, 44 4^4 ^4* (210b)£ 281 X 106 7flo] 
31, 44 0.2jwnX0.2/ffli^ 3.711- 4tt4. 

44 aS-eflxl^E 2|)^e>l z]}7]& ^, ^71 3144 (200)7} 44 44 44 (100) 44 4444. 

4^ 4444 J=l 7 fl4 sq-olol (wire)l- ^fl 44 44 54*(211a, 211b) *HM *l 1 3i *H 2 £44 44( 
206a, 206b) 4 444 44*]£^ 4444. 4^4, #4247} 44 e $4* (210a) 4 4^4 4 

£ €-«j*(210b)o)l ^ 44 l^^iiHt ^11 =^44 44. 

44 44(100) tHfe 3143 4°11 *I44 sfl44 13-444 4*11 44-f4 4^4 4=4(Ar) Sfe If- (He) 
7}27} ^444. n4 3i. 44 i 4-B-4 4^ RF 2£2 44-4 * €i RF 44 4^ 4f-4^r 1 4 ^47} 400/is 
431, 50%4 ¥4 44 4244. 44 RF 444^ 44-4^ 44 RF iii 4-f 44 «0^l2^^ 
4 4 44 £4 44. 

£ 6tt RF 2£2 4-f 4 4 RF 44 4^ 4-f 47} 1- 4 4^f4 (continuous wave) 4 nfl, 4"7l ^i^3 = t ^f-tfl 

444^r *ll l 4 ^ 2 £44 44 (206a, 206b)4 44 444 £41- ^4ttt zz.4^44. 4^, 44 4^4 4£ 
54*4 444 f^4fe 444. 

444, aj-7] ^ 2 £?14 sll4(206b)i 314 4^ (42 4:H 220b^ S44 :i5flH)4 WtVdc) (4s 4i 22 
0b -l)^ ^ l £44 4 4 (206a) 4 44 4 314 (42: 4i 220a.3. ^44 n4^)4 ^^(Vdc) (42 45: 220a - 
1)^.4 4 1- $14. °14^r 44 € €-4* (210a) 4 al«B 44 4^3 4£ S4«(2i0b)3 -spMIfe- ESE 
s 4*fl 447} £4:44 4^4^ 4# 4444. 

44 ^44 244 ¥44 24444, f^«H 4€- *ll l £44 2fl4(206a)4 * 2 £44 *A4(206b) 

44 W 44-14 4(AVdc)7> £ 7i £434 44. 

£ 71: 4244, 44 W 44iI3 4(AVdc)^r ¥^§47} 4<H «H44 f^4<i 4^14-31, ¥^47} 4 444 ^ 4 

23 xr 41h§- i-4^4. 434 4^ W. W. Dostalik ^41 4^0 71144 Electron Shading Effects in High 

Density Plasma Processing for Very High Aspect Ratio Structures (P2Id, p. 160, 1998)444 444 D fl-f 

4444. 

£ s£ 44 444 244 ¥44 24444, 44 4^(p)^t 7}4 4^# "fl 4 l £44 444 *ll 2 £44 *H4 
3 45 4444 4(AVdc)t- l^fr nan =3.4, 444^4*3 f^444 ^Pfl ^^84 44* a.4$4. 

£84 444,45 44^4 4(AVdc)^r ^47} 14 4^* ^U14 £^ 4-f 4 4*11 44 44(^)4 x 4 ^ 
^£31!^ 7}4^4^44. 

£ 9^r 44 444 244 ¥44 2:4444, RF 4-f44 RF 4°14^ 4^°l7} 1 4 444 (CW) 4 
44 rf 4i£^ 4^^ 4 44 42:(TM)4 4-f, 44 RF 4-f 4 4- RF 4°H^ 4-f °i7l- 1- 4 44 42: ( 
TM)4 4-f 4 4*11 W ^14€4 4(AVdc)l- Ji4W nHfli^l4. »H, 44 rf 4-f 44 RF 44 4 £ 
4^-47} 1-4 44 42(TM)4 4-f 44 444 4441 7}4 ^5- ^1^-444. 

£ 91- 4244, rf 4-f 44- RF 444^ 4-f 47} § 4 44 42:4 4-f 7} 7}4 45 4444 4(AVd 
c)7} 4-4# ^ ^ 44. 44, 44 RF 44-44 44 42:4 4-f^ 444 45 4443 4(AVdc)4 4^ 
i41 44-^14 1-^44. 

£ 84 £ 94 44^4, 44 £4 4i 14241 4-§-«-£^ eseI #4 =f 4j1, 44 RF 2£2 4-f 44 RF 
«H4i 4-f 47} 1- 4 44 4244^: ^ eseI- ^|is} t Si-g-^: 4 ^ 44. 
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£ 10^ RF ±<L^ 4^4*11 DM RF 4°H2 3tf-°\7\ 2705121 4441 4^4 *14 <#24 5^ 4, A] 1 £44 

444 ^ 2 J&44 jfl^Jdj Al^ofl 4§ ZT-Zl-5] 3§ $ 5)€^(Vdc) ^ °1 # 4°1 3 5 ^443 4(AVdc)# J£<^ 
fa Z12fl = ol4. 

^aj- ^i^oij ncHi- Jl41 -g-447l 444 £ 10444 44, ^RMl 4& vll 7\A 4, €i RF :£5L2 4^44 
42 RF 4442 4-f 43 447V 44 ^/SL^, =LZ\5L i = /^ 6 J ^^ofl rfl*11 ^ 1 £34 2fl4( 

206a)4 ^ 2 £.44 (206b) 3 ^ 4(AVdc)l ##4^4. °H. 44 4^4 4^ S«]#4 ^ 

wl— 844. 

44 ^5" ^443 4(AVdc)~ 44 1-11 7M <S°H 44 %VAj- £ xlEltiOl^- ^ ^ %T^. 

Aj-71 1-11 7M <f\# ^l^ofl tfltt 4^4 ^3 51 444 4(AVdc)l ^fbZLHj| = 7l- 51 1H £434 cj 

4. £ iH^^ 44, 471 4 7}4 "^44 £^ ^5 4444 4(AVdc)xr ^-tli s*14 44 44, 44 44 

o] n ^ ^ 7 ^^- ojj7 ( cl^^ £ 8444 44 ^-2- 3i)€^^l 4(AVdc)3 3*8=4 4444. 

°M, 44 4^4 4£ 54^3 ^ til fa 844. 

44, 47l ^5 3j 4(AVdc) : b ^71 42 RF 2.S.2 4-f 47}- i5 444:2-, aj-71 12 RF wM42 4-f 4 

7} £ 4314 *fl 444 42^ i§r 4 ^534. 

44 4£ ^3 ^ £ U4H 4^ #424 44 #4 ^ #424 44 4^1 4=4, RF 

2£2 4^4 ^444, RF 4442 4-f 4£ £tt A 14 42 4^4 12 RF 2£2 4-f 4 S 12 RF «H42 
4^471- 47fl 4^, 12 RF 4°Hi 4^-^* €^ RF £J2.^ 4^^^ ^^11 4^4 ? J^^1 ^44 4^*1- 
47fl €4. ^ 14, ESE# ^4i447ll €4. 

#§1, i&± RF BH^i 4-f °l7l- RF ±SL± z}^^} n 4^4^^: A, =LZ\5L ^7} %± rf 

4-f ,<: >17> i£ ^flli ^-4 RF ti^H^ 4^71- ^ ^-Efl-a ^ n Jl47} 444€4. 

4^<i] 5.4 

^ ^1^- #4^4 icp 4-§-4j1, RF ii^ 4-f 4 ^444 RF yM^i 4^-^ 

5£ s«b f7H°s 4?14. n43i, RF 4°H^ 4^° ; ll- RF 4-f 4°fl ^11 4 < S A l7i4. °15.4, ^ 

4^1 ^i44 ? J =r Sis, 444 ESEl- 4^4 « ^ 31^, 44 ^ 4€ ^44 ^°J(fau)^r ^4 
ft ^ S14. 

(57) ^4^1 4?1 
8. 

4J£4 714 *M ^444- 44 4^ 1:44 4 4 (pattern) 1: ^J44 ^14 #424 ^!4 44 i $H4, 
#4^4 44 ^4; 

Aj-71 4i4 142471- 4 A Ss|£4 471 ^3 4 l 44i RF 4 J f°l# ^^4- ^ l RF 4-f 4 

■£^71; 

44 4 l RF 4-f 4 ^444 RF 4-f 41- ^^^l a^I^ 42 4^# 4^44 

^ l 4^ 4^371; 

4-71 4451 4441- i444 ^4 4^1 ^11 2 44^1 RF 4^-41 ir44fe ^ 2 RF 4-f 4 ^4 ; * 
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$7] *\] 2 4^ WW rf «H"H^ ^Ms. Ai^lfe ^ m-lr 

7} RF v\e>}6\^. sHM^r $7] RF ±SL* 4^7} ^Wr# $2: iH^l^r 2 

sfl^S] #Jf ol^ft 21M §>Jf ^} #3| (charge separation) 

3^ 9. 

RF «H°1i 4^^ ^71 RF ±±± 4-f <>H cpfl 4<3£ ^^}f ^3 *>fe #4^r A4 

10. 

^ 9 %H1 

4>7l *1<3€ ^l^lr 0 2z«\ 34 ^SLS. ^ A4 =3*1. 

3^ 11. 

9%H1 

4>7l RF ^-5.^ 4^ 1i RF « r 6 H^ 4^3 ^7] (on/off period)^ 20//S tfl^l 800jus - ?fe 

3^ 12. 

A>7l RF iJ2.i 4^°! ^ RF 4°H^ 4^43 ^Ej Hi # (duty ratio) ^ 5% 80%3 £fe 34 ^i 

W% 13. 
*H 8%H1 

#7l jTH£ ii^<?l 54 *H #4^4 A 4 =8*1. 

3^8" 14. 

*H 8%H1 sw, 
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